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Chapter Eighty-two

TRAFFIC CONTROL PLANS/DESIGN

To some extent, highway construction disruptsthe normal flow of traffic and poses saf ety hazardsto
motorists, bicyclists, pedestrians and workers. Therefore, to alleviate potential operational and
safety problems, INDOT requires that work zone traffic control be considered on every highway
construction project. The work zone traffic control plan may range in scope from very detailed
design plans, or to incorporation of Specia Provisionsor Recurring Special Provisions, or to merely
referencing the INDOT Sandard Drawings, Standard Specifications and the Manual on Uniform
Traffic Control Devices (MUTCD). Chapter Eighty-two provides the necessary information to
develop awell-conceived work zonetraffic control plan that minimizesthe adverse effectsof traffic
disruption and hazards.

82-1.0 PRELIMINARY ENGINEERING

82-1.01 Responsibilities

The Environment, Planning and Engineering Division's Engineering Assessment Section is
responsiblefor initially addressing work zonetraffic control on every project. Thisinformationisto
be included in the Engineer’s Report. In determining the initial work zone traffic control, the
Engineering Assessment Section will perform the following:

1. collect al necessary data(e.g. traffic counts, accident history, roadway geometrics, proposed
development, operating speeds);

2. coordinate planning and scoping meetings with the applicable participants (e.g., Design,
Traffic, District Development, Maintenance, Construction, Operations Support, local
officials);

3. conduct analyses (e.g., capacity analyses, traffic impact studies, safety studies, queuing
analysis);

4, review design alternates;



review traffic control aternates (e.g., detours, crossovers, runarounds, lane closures); the
preferred plan will be incorporated into the Report;

estimate the construction cost and economic impact of various options and improvements;
coordinate funding and timing with other projects within the corridor; and
if required, form a transportation management plan team for the project and include the

team’s recommendations in the Report. Chapter Eighty-one provides information on the
development of transportation management plans.

82-1.02 District | nput

During the development of the Engineer’ s Report, the Engineering Assessment Section will obtain
the following information from the district.

o0k wbdrE

The district concurrence for the selected traffic control alternate;

location and additional distance of the detour;

traffic projections anticipated to use detour;

any anticipated delay to fire, police, emergency-medical and postal service;
number of school buses using facility (additional delay and distance); and
local roads which may be used for an official and unofficial detour.

82-1.03 Engineer’s Report

The Engineering Assessment Section will be responsible for incorporating the proposed work zone
traffic control plan in the Engineer’ s Report and ensuring that the following have been considered.

1.

Traffic Control Alternates. The Report may addressthe following work zonetraffic control
information.

Applicability of INDOT Sandard Drawings;

aternate traffic control strategies,

alternate detour types and locations;

construction scheduling and phasing requirements,

alternate geometric design features;

estimated costs for the alternate traffic control strategies; and
any special requirements of the work zone traffic control.
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Construction Operation Selection. The following construction applications may be
considered.

Work beyond the shoulder;

shoulder work and partial lane closure;

lane closures for 2-lane highways;

single-lane closures for 4-lane highways,

two-way traffic on divided highways;

work within or near intersections,

offset alignments; and

official and local detours (e.g., runarounds, Crossovers).
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Chapter Eighty-one provides additional guidance for determining which of these various
construction applications may be appropriate.

Detour Location. The use of detours (e.g., runarounds, crossovers, alternate routes) should
be determined on a project-by-project basis. The detour location should:

a minimize impacts to adjacent devel opments (e.g., Site access);
b. minimize the magnitude and cost of utility relocations,
C. minimize environmental impacts; and

d. be offset a sufficient distance so it will not interfere with construction.

The Department may be required to repair county highways damaged while being used as
unofficial detour routes. See the INDOT Detour Policy for additional information.
Investigations, details and agreements with local officials may be required in subsequent
phases.

Community Impacts. The Report may addresstheimpacts on neighborhoods, parks, schools,
businesses, etc. Detours can significantly increase traffic through a community such that
local traffic can no longer use the detour route. The Report may also address how the work
zone traffic control will affect fire, ambulance, police and school bus routes.

Interest Groups. The Report should address the concerns of local governments, agencies,
public officials and special interest groups (e.g., homeowner associations). If reasonable,
changes should be made to the work zone traffic control that address their concerns.
Working withlocal officialsand organizationsearly in project development can significantly
reduce opposition to or create support for a project by addressing local concerns.

Transportation Management Plan. Where a project does not warrant the development of a
Transportation Management Plan (TMP), the Engineering Assessment Section still should




review Chapter Eighty-one for applicable guidelines and criteria that should be discussed
during this phase. The conclusion of this phase should result in areasonable traffic control
strategy for the project.

82-2.0 PLAN DEVELOPMENT

82-2.01 Responsibilities

On al INDOT or local transportation highway construction projects, it is the designer’s
responsibility to ensure that an adequate traffic control plan (TCP) is developed. If the traffic
control requirements are not covered completely by the INDOT Sandard Drawings and Standard
Specifications, then the designer should preparea TCP that will adequately addressall non-standard
traffic control itemsin the project. The designer will be responsible for the following:

1.

reviewing the information in the Engineer’s Report or, if not available, contacting the
appropriate unit or agency (e.g., traffic design units, FHWA) to obtain the necessary
information for the project;

eval uating the proposed proj ect design alternates (e.g., detours, crossovers, runarounds, lane
closures); see Chapter Eighty-one;

developing the geometric design for specially constructed detours (e.g., crossovers,
runarounds, offset alignments); see Section 82-3.0;

addressing the roadsi de safety concernswithin the construction zone (e.g., construction clear
zones, temporary concrete barriers); see Section 82-4.0;

selecting and locating the required traffic control devices (e.g., pavement markings,
barricades, signs); see Chapter Eighty-three;

developing and eval uating alternate construction sequences,
performing the necessary capacity and queuing analyses, if not already provided;

making a written request to the Materials and Tests Division’s pavement design engineer
regarding use of shoulders or their portions for traffic maintenance. A copy of the request
should be sent to the appropriate design project coordinator. Therequest should includethe
constructionyear AADT, percent trucksof AADT, and the approximate duration of traffic’s
shoulder use;



10.

ensuring that the proposed traffic control plan is discussed and reviewed during the
Preliminary Field Check; and

coordinating with public information official sto inform the public of proposed road closures,
detour routes, etc.

82-2.02 Plan Development

The TCPisdeveloped through several phasesbeforeit isready to beincorporated into the highway
construction contract and approved for letting. The following describes the development of the
traffic control plan at each project phase.

1.

Engineer’ sReport. The Engineering Assessment Section will beresponsiblefor determining
the initial work zone traffic control strategies to be used on the project. These should be
noted in the Engineer’s Report. If any changes are made to the recommendations in the
Report, the designer should notify the Engineering Assessment Section of these changes.

Grade Review or Structure Size and Type. At this plan development stage, the designer is
responsible for contacting the appropriate district to obtain its input regarding traffic
maintenance. Figure 82-2B is a blank memorandum copy which the designer should
download, fill in the project information blanks, then transmit electronically to the district.
District input should be solicited even if aTCP is specified in the Engineer’s Report. The
district should provide the requested information on the electronic memorandum, then
electronically reply to the designer.

Preliminary Field Check. During the Preliminary Field Check, review the proposed traffic
control strategy against actual and anticipated field conditions and be prepared to perform
the following tasks.

a Drive the local detour;
b. determine the environmental effects of a crossover or runaround,;
C. estimate the extent and cost of property damage caused by acrossover or runaround,

including additional right-of-way requirements and costs;

d. determinethefeasibility of maintaining traffic onthefacility (e.g., roadway, bridge)
whilework isin progress,



e evauate the need for scheduling work activities to avoid traffic delays during peak
commuter hours and local events,

f. determine the effects on project constructability; and

0. review the physical and operational elements of the TCP with other projectsin the
areato ensure that there are no conflicts with the proposed TCP.

At the conclusion of this phase of the project, the preliminary geometric design, safety and
capacity analyses should be completed and suggested plan modifications evaluated and
reviewed. The designer should determine the proposed location of al traffic control
elementsand special design elements(e.g., runarounds, crossovers) and should establish the
proposed construction phasing. Thedesigner should contact the district for itsinput, even if
the proposed TCP is recommended in the Engineer’ s Report.

4, Hearing. The project’s plan and profile, cross-sections, construction schedule/phasing and
impact reports should be completed at this stage. Begin preparation of the required special
provisions and the permit process. Prepare an estimate of the time required to re-open the
facility (e.g., roadway, bridge) to traffic after construction starts.

5. Fina Field Check. Review all issues emerging from the hearing stage and complete
subsequent plan modifications. Review the project’s physical and operational elements of
the TCP with other projectsin the areato ensurethat there are no conflicts with the proposed
TCP. Examples include detouring traffic onto a local road which is scheduled for
reconstruction during the same time period or closing a highly traveled highway during
special events or seasons. Coordinate with the Office of Communications so that they can
begin to inform the public of any road closures or alternate detour routes.

6. District Construction Engineer Review. After design approval, the designer should submit
the proposed TCP to the district construction engineer. The district construction engineer
will provide written comments or concurrence regarding the proposed TCP to the designer,
with a copy to the appropriate Design Division section manager. The section manager will
provide written comments or concurrence regarding the proposed TCP to the designer. |If
necessary, the designer revises the proposed TCP until both district construction engineer
and section manager concur.

7. Fina Plan Review. Determine and check all quantity estimates. Complete the detailed
drawingsand include all relevant special provisionsin the contract documents. Do not show
unofficial detour routesin the plans or special provisions.

The Department requires a coordinated team effort to devel op and successfully implement a TCP.
Figure 82-2A presents the participants typically involved in each phase of its development.



82-2.03 Traffic Control Plan (T CP) Content

The size and type of aproject greatly impacts the amount of information required in the TCP. For
example, on signing projects the TCP may only be alisting of the appropriate INDOT Standard
Drawings; however, on freeway reconstruction projects the TCP may contain full-size drawings,
special details, special provisions, special task forces, etc. The TCP content will be determined ona
project-by-project basis. The TCP may include the following.

1.

Construction Plan Sheets. Reconstruction projectswill typically requirevery detailed plans
for accommodating traffic at each construction stage (e.g., specially built detours,
crossovers, staged construction). These plansmay include geometric layout details, positive
protection strategies, the traffic control devices, etc. Smaller projects (i.e., resurfacing,
signing, signal and spot improvement projects) will rarely require this level of detail.
Chapters Fourteen and Fifteen present the Department’ s plan preparation criteria(e.g., sheet
sizes, scales, lineweights, CADD symbols) which area so applicabletoaTCP. TheINDOT
Typical Plan Sheet Document presents severa traffic maintenance detail sheet examples.

Special Provisions. Special provisions are used to explain specia procedures, materials or
equipment used inthe TCPthat are not addressed inthe INDOT Sandard Specifications. For
many projects, the TCP may only consist of special provisions. Prior to developing anew
special provision, the designer should first ensurethat it isnot already covered intheINDOT
Sandard Specifications, Supplemental Specifications or recurring special provisions.
Chapter Nineteen providesinformation on the requirementsfor preparing special provisions.

Traffic Control Devices. Include a complete listing of the various traffic control devices
required to direct traffic through the work zonein the TCP. Thismay include the number of
drums, barricades, cones, signs, temporary pavement markings, warning lights, flashing
arrow boards and other devices that are required to implement the project. Chapter
Seventeen provides the Department’ s criteriafor determining plan quantities.

Construction Sequence/Time. The TCP should include a proposed construction sequence.

Work Schedules. The TCP, inthe special provisions, should clearly delineate any restricted
work schedules a contractor will be required to follow (e.g., no construction work during
specified hours or days).

Phone Numbers. The TCP, inthe special provisions, should require the contractor to provide
names and telephone numbers of the contractor’ s superintendent and one other responsible
employee. These employeesareto beon call or be available at night, on weekends or other




10.

11.

12.

13.

non-construction time periods to repair or replace traffic control devices and other devices
which may become damaged or inoperative (e.g., replacement of construction-zone end
treatments).

Permits. For restricted lane widths, the district construction section will be responsible for
coordinating with the Contracts and Construction Division’s Permit Services Section after
the project islet to obtain the necessary permitsto allow oversize vehiclesthrough the work
zone.

Agreements/L egal Releases. An agreement and/or legal release may be required before
INDOT can use local road facilities as detour routes. The designer should initiate this
process early in the design of the work zone traffic control.

Media. The designer should inform the Office of Communications when and where there
will be major road and ramp closures or detours.

Pedestrians/Bicycles. The TCP should address the safe accommodation of pedestrians and
bicycliststhrough thework area. Inaddition, construction phasing may need to be scheduled
around non-peak pedestrian times.

Local Businesses/Residents. Maintain at least one reasonable access to sites of business
establishments and residential neighborhoods. The designer should aso ensure these
individuals are kept informed of any planned street, ramp or driveway closures.

Emergency Vehicles. The TCP should address the safe and efficient accommodation of
emergency vehicles through the construction area.

Check List. Section 82-7.0 provides a check list which should be reviewed to ensure all
applicable work zone traffic control elements have been addressed in the TCP.

82-2.04 Design Consider ations

The objective of the TCP is to provide an implementation strategy that will minimize the adverse
effectsof traffic disruption on motorists, pedestrians, bicyclistsand workers. Therefore, the designer
should consider the following design considerations when devel oping the TCP. For amorein-depth
analysis on these elements, the designer should review Chapter Eighty-one.



82-2.04(01) Engineering

The designer should consider the following engineering elements when devel oping the TCP.

1.

Geometrics. The TCP should provide adequate facilities for drivers to safely maneuver
through the construction area, day or night. The design should avoid frequent and abrupt
changes in roadway geometrics, such as lane narrowing, lane drops and transitions which
requirerapid maneuvers. Section 82-3.0 presents geometric design criteriafor construction
Zones.

Roadside Safety. Motorist, pedestrian, bicyclist and worker safety isa priority element of
any TCP and should be an integral part of each phase of the construction project (i.e.,
planning, design and construction). Section 82-4.0 addresses the roadside safety issues
typically encountered during construction.

Highway Capacity. The TCP should, where practical, provide the capacity necessary to
maintain an acceptabl e level-of-servicefor thetraveling public. Thismay require converting
shoulders to travel lanes, eliminating on-street parking, constructing temporary lanes,
opening additional lanes during peak periods or expanding public transportation. Section
82-5.0 provides further information on highway capacity issues.

Traffic Control Devices. Traffic control devices should be included in the TCP to safely
direct vehicles through or around the construction zone. Chapter Eighty-three provides
guidance on the selection and location of traffic control devicesin construction zones.

Overhead Lighting. The design should maintain existing overhead lighting and, on a case-
by-case basis, consider the need for supplemental roadway lighting at potentially hazardous
sites within the work area. Chapter Eighty-three discusses the use of construction zone
lighting.

82-2.04(02) Constructability

The designer should eval uate the construction sequence of the proposed TCPto identify any safety,
operational or logistical problemsand to facilitate the timely completion of the project. Some of the
elements which should be evaluated include the following:

1.

2.

the maneuverability of traffic through horizontal and vertical alignments during all
construction phases;

the separation of opposing traffic, workers, equipment and other hazards;



3. the work areas which will be used for equipment maneuverability; and

4, the access points to work and material storage sites.

82-2.04(03) Construction Design

Several construction optionsare available that may improvethe TCP. Some of these optionsinclude
the following:

1. The use of special materials (e.g., quick curing concrete that can support vehicular loads
within hours after pouring);

2. the use of special designs (e.g., using precast box culverts instead of cast-in-place box
culverts or bridges);

3. special scheduling requirementswhich will reducetraffic disruptions (e.g., working at night
and during off-peak hours);

4, project phasing which will allow traffic to use the facility prior to project completion; and

5. contractor cost incentives/disincentivesfor early/late completion of construction for facilities
with a high AADT. Where there is FHWA oversight, contractor incentives must be
approved by the FHWA.

Chapter Eighty-one provides additional information on construction alternates.

82-2.04(04) Economic/Business

The designer needs to consider the economic impacts a TCP may have on road-users, adjacent
businesses and residential developments. The designer should consider the following:

Vehicular travel time;

fuel consumption;

vehicular wear;

air pollution;

access to residential developments;

patron access to businesses (e.g., restaurants, gas stations, stores);
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7. employee and delivery access to commercia developments; and
8. shipments to manufacturing companies.

The designer should also review the TCP to ensure that it does not restrict access to businesses
during peak retail shopping periods. For example, aroad closure should not be made in thevicinity
of regional retail malls during the period from Thanksgiving to Christmas. Coordination with local
businesses, devel opers and other |and owners should be made early in the development of the TCP.
At aminimum, maintain at least one access to any development throughout the project.

82-2.04(05) Pedestrians/Bicyclists

Address the safe accommodation of pedestrians/bicyclists through the construction zone early in
project development. Situations that would normally warrant specia pedestrian/bicyclist
considerations may include the following:

1. L ocations where sidewalks traverse the work zone;

2. where a designated school route traverses the work zone;

3. where significant pedestrian/bicyclist activity or evidence of such activity exists; and
4, where existing land use generates such activity (e.g., parks, schools, shops).

Thefollowing guidelines should be considered when addressing pedestrian/bicycle accommodation
through construction zones.

1. Physically separated pedestrians and vehicles where practical.
2. Consider providing temporary lighting for all walkways that are currently lighted.

3. Where pedestrian walkways and bicycle paths cannot be provided, direct pedestrians/
bicycliststo a safe location (e.g., the other side of the street).

4. Stage construction operations so that if there are two walkways they are both not out of
service at the same time.

5. Plan the construction so that any temporary removal of sidewalkswill occur in the shortest
practical time or be scheduled around non-peak pedestrian times.

6. For information on handicapped accessibility criteria, see Section 51-1.0.



82-3.0 GEOMETRIC DESIGN

The following sections present design criteria which apply to temporary crossovers on divided
highways, existing roadways through construction zones and detours specifically designed for
construction projects (e.g., crossovers, runarounds). These criteria do not apply to detours over
existing routes.

82-3.01 Construction Zone Design Speed

The construction zone design speed appliesto the design of the geometric elementsthrough thework
zone. It does not apply to the regulatory speed limits that are used for posting the speed limit
through the work zone. Regulatory speed limits are discussed in Section 83-2.03. When selecting
the construction zone design speed, the designer should consider the following factors.

1 Posted Speed Limit. The construction zone design speed should take into account the
following:

a The posted speed limit of the facility immediately prior to the work zone;

b. the anticipated posted work zone speed limit through the work zone (see Section 83-
2.03); and

C. the posted speed limit of the facility before construction begins. The construction
zone design speed normally should not be more than 15 km/h below the posted speed
limit prior to construction.

2. Urban/Rural. Construction zone design speedsin rural areas should generally be higher than
those in urban areas. Thisis consistent with the typically fewer constraints in rural areas
(e.g., less development).

3. Terrain. Lower construction zone design speeds may be applicablefor rolling terrains. This
isconsistent with thetypically higher construction costs asthe terrain becomes more rugged.

4, Traffic Volumes. For some facilities, the construction zone design speed may vary
according to the traffic volumes; i.e., use higher design speeds as traffic volumes increase.




The designer should coordinate with the appropriate district traffic engineer to establish the
construction zone design speed for INDOT routes, and the local public agency’ s engineer for local
roads. The designer should show the construction zone design speed on thefirst sheet of the TCP.

Where crossovers are used to maintain one lane of traffic in each direction on rura Interstates the
following will apply.

1 Use temporary concrete median barrier;

2. unlessthe median shoulder isfull depth, it isto be removed and replaced with a 1.8-
m section with its pavement design to be requested by the designer;

3. the traffic maintenance should be as shown in Figure 81-3A; and

4, shoulder corrugations are to be milled into the new shoulder after traffic is crossed
over to the other side.

82-3.02 L ane/Shoulder Widths

Desirably, therewill not be areduction in the roadway cross section width through the construction
zone. However, thisis often not practical. Section 83-3.02 presents the minimum taper rates that
should be used on approaches to lane width reductions. The following lane and shoulder widths
should be used in construction zones.

1. Divided Highways. For freeways and other divided highways, at a minimum, maintain a
3.3-mlanewidth with, preferably, 0.6 m or wider right and |eft shoulders. Under restrictive
conditions, however, the designer may consider using a3.0-mlanewidthif an aternate route
is provided for wide vehicles.

2. Undivided Highways. For other road facilities, maintain a minimum 3.0-m lane width and
0.3-m wide shoulder.

3. Runarounds. Design runarounds with 3.6-m lane widths and 1.8-m wide shoulders.

4, Temporary Crossovers. For 1-lane, one-way operations, the lane width should be 5.0 mwith
1.5-mwideleft and right shoulders. For multi-lane and/or multi-directional operations, each
lane width should be 3.6 m wide with 1.5-m left and right shoulders.

82-3.03 Transition Taper Rates




Lane closures, lane width reductions and lane shifts require the use of transition tapers to safely
maneuver traffic around the encroaching restriction. Section 83-3.02 presents the minimum taper
lengthsfor various taper applicationsin construction zones (e.g., lane closures, lane shifts). Usethe
construction zone design speed when selecting the appropriate taper rate from Section 83-3.02.

82-3.04 Sight Distance

For the approach to thefirst physical indication of the construction zone, the sight distance available
to the motorist should be desirably based on the decision sight distance criteriaprovided in Section
42-2.0 and, at aminimum, based on the stopping sight distance criteriaprovided in Section 42-1.0.
Through the construction zoneitself, the designer should ensure that at |east the minimum stopping
sight distance is available to the driver. Unfortunately, the location of many design features are
often dictated by construction operations. However, some elements may have an optional location.
For example, lane closures and transitions should desirably belocated where the approaching driver
has decision sight distance availableto the lane closure on transition. Throughout horizontal curves
inthe construction area, the designer should check the horizontal clearance (i.e., themiddie ordinate)
of the horizontal curve using its radius and the minimum stopping sight distancefor the construction
zone design speed (see Section 43-4.0). Figure 43-4B providesthe horizontal clearance criteriafor
various combinations of minimum stopping sight distances and curve radii. The designer should
also consider the percent of trucks and other heavy vehicles in determining controlling sight
distances.

82-3.05 Horizontal Curvature

Design the horizontal curvature using the selected construction zone design speed in Section 82-
3.01. For construction zones, use AASHTO Method 2 for distributing superelevation and side
friction to determine the radius and superelevation rate of the horizontal curve. In this method,
superelevation is introduced only after the maximum allowable side friction has been reached.
When compared to AASHTO Method 5, this approach resultsin no superel evation on flatter curves
(i.e.,, maintaining the normal crown through the curve) and reduced rate of superelevation on the
majority of other curves. Figure 82-3A, Minimum Radii for Horizontal Curves (Construction
Zones), provides the minimum radii (including the radii for retention of the normal crown section)
for horizontal curvature through construction zones based on AASHTO Method 2. For other
horizontal curvature elements (e.g., superelevation transition lengths), the criteria presented in
Chapter Forty-three is also applicable to construction zones.



Whereitisnecessary to usethe shoulder asatravel lanein the construction zone, the shoulder cross
slope may be a concern on horizontal curves (i.e., the slope may be in opposite direction than the
superelevated section). One or more of the following options may be considered to alleviate this
problem.

1 Rebuild the shoulders so they have the proper superelevation rate based on the selected
construction zone design speed,

2. install Advisory Speed plates for the horizontal curve,

3. install buzz stripsin conjunction with Item 2 abovein advance of thetemporary travel lane
(see Figure 83-4A, Flare Rates for Temporary Concrete Median Barrier (Construction
Zones));

4, restrict large vehicles (trucks) from using the temporary travel lane; or

5. detour large vehicles to other facilities.

82-3.06 Vertical Curvature

Design sag vertical curvesin construction zones using the selected construction zone design speed
and the comfort criteria presented in Figure 82-3B. The comfort criteria are based on the comfort
effect of change in vertical direction through a sag vertical curve because of the combined
gravitational and centrifugal forces. In general, riding through a sag vertical curve is considered
comfortable when the centripetal acceleration does not exceed 0.3 m/s.

82-3.07 Cut and Fill Slopes

Where practical, design temporary cut and fill slopesto meet the design criteriapresented in Chapter
Fifty-three and Section 45-3.0. However, for construction zones, 3:1 fill slopes may be used where
thereis sufficient clear zone available at the bottom of the slope (see Section 82-4.04). The use of
steeper fill slopes may be considered on a case-by-case basis but may require the installation of
roadside barriers.

Although detoursrarely involve excavation (cut), 3:1 cut slopes are generally acceptablein place of
the flatter slopes presented in Chapter Fifty-three. The use of slopes steeper than 3:1 for cut depths
less than 3.0 m may be acceptable under restrictive conditions.



The anticipated traffic volumes and the length of time the detour will bein place should be weighed
in determining final cut and fill slopes. In all cases, stable embankment material must be used and
placed according to the INDOT Standard Specifications.

82-3.08 Maximum Grade

The vertica grade should be designed using the 3R criteria for the appropriate functional
classification, rural/urban, and construction zone design speed.

82-3.09 Through-L ane Cross Slope

The 3R criteria should be used for the appropriate functional classification and rural/urban. If the
existing shoulder is used for through traffic, a 4% cross slope will be acceptable.

82-3.10 Vertical Clear ances

The 3R criteria should be used for the appropriate functional classification and rural/urban.

If the design for a temporary runaround or other traffic maintenance plan excluding detours over
existing roadsis not in accordance with the criteriafor Level One elements, adesign exception will
be required.

82-4.0 ROADSIDE SAFETY

Through a construction zone, drivers are often exposed to numerous hazards (e.g., restrictive
geometrics, construction equi pment, opposing traffic). A complete elimination of construction zone
hazards is impractical. Nonetheless, the designer must devote specia attention to reducing a
motorist’ sexposureto potential hazards. Thefollowing sectionsoffer roadside safety criteriawhich
apply only to the roadside elements within the construction zone. These criteria do not apply to
detours over existing routes.

82-4.01 Positive Protection




Desirably, the designer should consider traffic control designs which do not require the use of
positive protection, minimize the hazard exposure, and maximize the separation of workers and
traffic. However, in many construction zones, positive protection is typically required. The
locations where the designer should consider using positive protection are as follows:

Exposed ends of temporary concrete barriers;

untreated guardrail endsin 2-way, 2-lane operations,

bridge piers;

bridge railing ends;

structure foundations (e.g., bridge falsework, sign foundations);

excavations and rock cuts;

gap in median between dual bridges;

pavement edge and shoulder drop-offsin excess of 300 mm; and

other locations where construction will increase the potential hazards of existing conditions.
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Because each TCP is project-specific, the Department has not developed criteria for positive
protection within construction zones. However, a list of factors which should be considered in
assessing the need for positive protection is as follows:

Duration of construction activity (14 days or less);

traffic volumes (including seasonal and specia event fluctuations);
nature of hazard;

length and depth of dropoffs;

construction zone design speed;

highway functional class;

length of hazard;

proximity between traffic and construction workers;

proximity between traffic and construction equipment;

adverse geometrics which may increase the likelihood of run-off-the-road vehicles;
two-way traffic on one roadway of a divided highway;

transition areas at crossovers; and

lane closures or lane transitions.
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Other factors may apply, because the above list is not considered to be al-inclusive.

82-4.02 Appurtenance Types

In addition to Chapter Forty-nine and the INDOT Standard Drawings, the following sections
provide additional information on the roadside safety appurtenances used by the Department in
construction zones.



Positive guidance for crossed-over two-lane two-way traffic should be provided as follows:
1 Temporary concrete barrier and temporary solid yellow linesare to be used on all freeways.

2. Temporary tubular markers and temporary double solid yellow lines are to be used on all
other multi-lane divided roadways.

3. Temporary double solid yellow lines are to be used on all urban and rural multi-lane
undivided roadways.

Temporary bituminous divider shall not be used for separating traffic.

82-4.02(01) Guardrail

Temporary guardrail installationsfor Interstate projects should be in accordance with the permanent
installation criteriain Chapter Forty-nine and the INDOT Standard Drawings, except as shown in
Figure 82-4B, Clear Zone Distances (m) (Construction Projects). For short-term construction
projects, the installation of a new temporary guardrail is usually not practical.

The following should be used to determine the temporary guardrail length on all four corners of
temporary bridgesin two-lanerunarounds. For construction zone design speeds of lessthan or equal
to 80 km/h, the minimum guardrail length is 15.24 m. For construction zone design speeds of
greater than 80 km/h, the minimum guardrail length is 30.48 m.

A temporary guardrail run should continue until the guardrail warrants for embankments shownin

Section 49-4.04 are satisfied. The design speed, and not the construction zone design speed, should
be used to determine guardrail warrants for embankments.

82-4.02(02) Temporary ConcreteBarrier (TCB)

A TCB provides protection by separating motorists from the work zone and opposing traffic. When
considering TCB, the designer should consider the following:

1. Purpose. The primary functions of the TCB are as follows:

a to keep traffic from entering work areas (e.g., excavations, storage sites);
b. to protect workers and pedestrians;



C. to separate two-way traffic; and
d. to protect construction elements (e.g., bridge falsework, exposed objects).

Flare Rates. A TCB located along atapered alignment should be flared at the rates shownin
Figure 82-4A, Flare Rates for Temporary Concrete Median Barrier (Construction Zones),
using the selected construction zone design speed. If field conditions are such that these
flarerates cannot be used, then the flare rate may range between a10:1to 6:1. Thelength of
the taper will be determined based on thelength of need requirements (See Section 82-4.03).
The approaching end of the TCB along the tapered alignment should desirably extend to a
point 6 m beyond thetraveled way. Under restrictive conditions, however, the designer may
reduce this offset to the outside edge of the shoulder with an applicable end treatment.

End Treatment. If the approach end of the TCB is 6 m beyond the traveled way, no end
treatment isrequired. If the TCB isterminated within 6 m of the traveled way, provide an
INDOT-approved end treatment on the exposed end of the TCB.

Anchoring. A TCB should be anchored whereit islocated on or within 18 m of abridge or
where it is used on flared alignments. The anchoring should be according to the INDOT
Standard Specifications.

82-4.02(03) End Treatments

The following discusses severa end treatments that may be used.

1.

Energy Absorbing Terminals. The use of construction zone energy absorbing terminals
should be based on National Cooperative Highway Research Program Report 350 Test
Levels. The Test Level 3 (TL-3) terminal should be specified for all Interstate and other
routes with a construction zone speed limit in excess of 45 mph. The TL-2 terminal should
be specified for all non-interstate routes with a construction zone speed limit of 45 mph or
lower. If alower temporary worksite speed limit isto occasionally apply, all terminals Test
Levels should still correspond to those for the construction zone speed limit. Locations of
terminals with their Test Levels should be shown on the TCP.

Guardrail. The treatments for exposed ends of guardrail include the following:

a Connection to existing barriers,

b. using an acceptable end treatment (use the construction year AADT, and see Section
49-5.04(01));

flaring the end to a point outside of the construction clear zone; or

d. burying the end in the backsl ope.
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3. Gravel Barrel Array. Duetothesize of thearray, gravel barrel arraysgenerally havelimited
application in construction work zones.

4, Other. Other INDOT approved end treatments may be applicable. Chapter Forty-nine
providesinformation on some of these end treatments used by the Department. Providethe
most applicable end treatment consistent with cost and geometric considerations.

82-4.02(04) Glare Screens

Glare screens can be used in combination with the TCB to eliminate headlight glare from opposing
traffic. Typical applicationsin construction zones are at crossover transitionsand in 2-way, 2-lane
operations. Where glare screens are considered, the designer should evaluate the design criteriain
Section 49-4.05. INDOT has not adopted specific warrants for the use of glare screens.

82-4.03 Design/L ayout

Where practical, temporary roadside safety appurtenances should be designed and located as
determined in Chapter Forty-nine (e.g., deflection distance, length of need). However, itisusually
not cost effective to meet these permanent installation criteria due to the limited time amotorist is
exposed to construction hazards. The designer will need to eval uate the exposure time of the hazard
in determining the need for installing aroadside saf ety appurtenance. The following offers several
aternatives the designer may consider in designing and locating temporary roadside safety
appurtenances within construction zones.

1 Construction Clear Zones. Applying the clear zone distances as presented in Chapter Forty-
nine, to construction work zones is often impractical. Therefore, INDOT has developed
revised construction clear zone distances for construction projects which are presented in
Figure 82-4B. However, the potentialy hazardous conditions typically found within
construction zoneswarrant the use of considerablejudgment when applying these clear zone
distances. Notethat it isnot necessary to adjust the clear zone values presented in Figure 82-
4B for horizontal curvature.

2. Shoulder Widening. Where atemporary barrier is placed adjacent to the shoulder, it is not
necessary to provide extra shoulder widening.

3. Flare Rates. Desirably, the TCB terminal should be flared beyond the traveled way to a
point outside of the construction clear zone. Figure 82-4A presentsthe desirableflarerates



for the TCB based on the selected construction zone design speed. The designer should
provide these flare rates unless extenuating circumstances render thisimpractical (e.g., stop
conditions, driveways, intersections). See Section 82-4.03.

Openings. Openingsin the barriers should be avoided. Where openings are necessary,
barrier ends should have an acceptable end treatment as discussed in Section 83-4.03(03).

82-5.0 HIGHWAY CAPACITY

82-5.01 Traffic Capacity Analysis

The need for traffic capacity analyses during the development of the traffic control plan will be
determined on a project-by-project basis. Freeway reconstruction projectsare generally candidates
for analysisasare other project types under similar conditions. Maintaining an acceptable level-of -
service during construction is especially important on freeways and on high-speed rural highways.

Desirably, the operational elementsof aroad facility under construction (e.g., lane segments, ramps,
intersections) should maintain alevel-of-service whichisnot significantly lessthan that provided by
the facility prior to construction, although thisisnot always attainable. Achieving thismay require

the following:

1 converting shouldersto travel lanes;

2 eliminating on-street parking (during peak hoursor at all times);
3 constructing temporary lanes;

4, opening additional lanes during peak periods;

5. providing public transportation;

6 constructing jug-handles for indirect left-turns at intersections,

7 closing or metering ramps at interchanges,

8 providing turnouts along long, restrictive stretches of highway construction;
0. constructing passing blistersat “T” intersections;

10.  providing two-way, left-turn lanes on urban facilities;

11. adjusting signal phasing and timing at intersections,

12.  providing additional turn lanes at intersections;

13.  lengthening turn lane storage bays;

14.  adjusting acceleration/decel eration lengths at interchange ramps;
15. closing intersections;

16.  restricting turns at intersections;

17.  providing extra pavement widths;

18.  providing signal or flagger control in 1-lane, two-way operations,



19. public information; or
20.  temporary ramp connections.

82-5.02 Queuing Analysis

The Department requires that traffic control plans developed for freeway reconstruction projects
include, at a minimum, aqueuing anaysisto determine the anticipated traffic backups at particular
timesof theday. Theresultsof the queuing analysis should be included with the proposed TCP and
should be used to determine whether or not to consider the following:

Restricting construction operations to off-peak hours and/or night operations,
closing aramp,

using alternate routes,

developing public relations strategies, or

temporary widening for extralane or roadway capacity.
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When a queuing analysis is required, the designer should use the FHWA computer program
QUEWZ or other approved programs to accomplish this task. QUEW?Z is designed to evaluate
freeway work zones, but the designer may find it useful for other multilane highways. Section 81-
4.0 provides additional information on this program. The program can provide the following:

Estimation of vehicular capacity through work zones,
calculation of average speeds,

calculation of delay through alane closure section,
calculation of queue,

estimate of diverted traffic, and

total user cost.
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82-6.0 APPLICATIONS

Section 81-2.0 discusses the factors to consider when determining which construction application to
use. The following sections provide some of the design considerations for several of these
applications.

82-6.01 L ane/Shoulder Closures




In addition to the INDOT Sandard Drawings, the designer should consider the following for
lane/shoulder closures.

1 Tapers. Lane closures, lane width reductions and lane shifts require the use of transition
tapersto safely shift traffic around the encroaching restriction. The designer should review
Sections 82-3.03 and 83-3.02 for information on transition tapers.

2. Sight Distance. Desirably, provide decision sight distance to the beginning of the lane
closure or transition. Section 82-3.04 provides additional information on sight distances
within the construction zones.

3. Lane Widths. Section 82-3.02 provides the Department’s criteriafor reduced lane widths.

4. Lane Closure. Thelength of alane closure should be aminimum so that the motorist is not
passing long sections of closed lanes where no work activity is occurring.

5. Roadside Safety. Do not use roadside barriers astransition devices. Transitions should be
provided with the appropriate traffic control devices (see Chapter Eighty-three). Provide
sufficient distance between the transition devices and roadside barrier to alow an errant
motorist to safely return to the traveled way. Roadside barriers (e.g., temporary concrete
barrier) may be used as channelization devices beyond thetaper. Where shifting traffic next
to roadside barriers, the shy distance, as discussed in Section 49-5.0, desirably should be
provided.

6. Traffic Control Devices. Chapter Eighty-threeand the INDOT Standard Drawings provide
the Department’ s criteriafor the placement of traffic control devices.

7. Bridges. Figure 82-6A, Lane Closures on Bridges, illustrates a work zone traffic control
plan for closing alane on a bridge reconstruction or rehabilitation project. Figure 82-6A is
applicable to a9.0-m wide structure on a4-lane divided facility. The designer will need to
adjust the design to meet other situations. Figure 82-6A providesthe detailsfor aleft-lane
closure. These details may also be used for aright-lane closure.

8. Roadway Under Overpass Structure. Work which includesfull-depth bridge deck patching,
structureremoval or placement not protected by bridgerailings, or other work activitiesthat
affect underpassing lanes that are open to traffic, may not take place directly above such
lanes. Appropriate warning signs and traffic control devices should be provided on the
underpassing roadway to warn motorists of lane closures for such work. Such signs and
devices are required even if no work is being done on the underpassing roadway .




82-6.02 Two-Way Traffic on a Divided Highway

Thefollowing provides several design considerationswhere two-way traffic on asingleroadway of
adivided highway is used.

1.

Length. The optimum segment length of two-way traffic on adivided highway isconsidered
to be less than 6 km. Where the segment length exceeds 6 to 8 km, operational efficiency
may be severely reduced as traffic backs up behind slower vehicles.

Positive Protection.

a

Freeway. Temporary concrete barrier along with temporary solid yellow lines as
shown onthe INDOT Sandard Drawings should be used within each crossover and
between the crossovers to separate opposing traffic.

Other Multilane Roadway. Tubular markers should be used to enhance the
delineation and separation of the opposing traffic flows on each side of atemporary
double solid yellow line. Thetubular markers are placed onto the pavement between
the solid yellow lines as shown on the INDOT Standard Drawings.

Where construction activities require temporary revision of traffic patternswithin the
construction zone to two-lane two-way operation at or near an intersection, the end
of the temporary double solid yellow line should match the end of the existing
broken white lane line.

For aroadway with laneswhich are narrower than 3.6 m without paved or aggregate
shoulders, compacted aggregate size No. 73 is required where slope and ditch
conditions permit, as shown on the INDOT Standard Drawings. Such conditions
must be assessed when devel oping the traffic control plan. The cross slope of each
temporary compacted aggregate shoulder isto be as shown ontheINDOT Sandard
Drawings. Quantities for the compacted aggregate must be determined.

Roadside Safety. Wheretraffic isdirected onto the opposing roadway, the designer should

consider the effect this will have on the operational characteristics of roadside
appurtenances. For example, existing trailing ends of unprotected bridge rails may require
approach guardrail transitions or impact attenuators, or blunt guardrail terminalsmay needto
be protected with an acceptable end treatment.

Crossovers. The following should be considered in the design of crossovers.

a

Tapersfor lane drops should not be contiguous with the crossover. See Section 82-
3.03 for acceptable taper rates and lengths.



b. The crossover should have a construction zone design speed that isno more than 15
km/h bel ow the posted speed limit before the construction zone; see Section 82-3.01.

C. The crossover design should accommodate the anticipated truck traffic of the
roadway (e.g., surfacing widths, loads).

d. A clear recovery area should be provided adjacent to the crossover; see Section 82-
4.04.
e Temporary concrete barriers and the excessive use of traffic control devices cannot

compensate for a poor geometric design of crossovers.

5. Signing. Provide signing prior to the crossover to indicate the length of the 2-way, 2-lane
section. In addition, signing may be provided within the 2-lane section indicating the
remaining distance of the 2-lane section.

6. Interchanges. Desirably, maintain access to interchange ramps on a freeway even if the
work space isin the lane adjacent to the ramps. Additional crossovers for the purpose of
maintaining full interchange access may berequired. If interchange accessisnot feasible or
presents a capacity problem, ramps should be closed using proper detour signing for
aternativeroutes. Whereramp closures are deemed necessary, early coordination should be
conducted with local officialshaving jurisdiction over the affected crossroads or streets. The
designer should also check that sufficient deceleration and acceleration distances are
maintained where thereiswork in the vicinity of interchange ramps. If thisisnot practical,
additional traffic control devicesor closing the ramp may berequired. The designer should
review the safety aspects and conduct acapacity analysisto determine the appropriate action.

7. Capacity. Conduct acapacity analysisto ensurethat thetraffic can be reasonably handled in

the one lane. If not, then an alternate construction application should be considered (e.g.,
lane shifts to the shoulder).

82-6.03 Runaround/Detours

In addition to the criteriaon the INDOT Standard Drawings, runarounds and specially built detours
should meet the geometric and roadside safety criteria presented in Sections 82-3.0 and 82-4.0.



82-7.0 TRAFFIC CONTROL PLANS CHECK LIST

A traffic control plans check list is shown as Figure 82-7A.
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